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IMPROVED CALIBRATION OF PRINTING DEVICES 



BACKGROUND 

The present invention concerns calibration of printers and other devices 
5 that perform printing and pertains particularly to improved calibration of 
printing devices. 

During the course of operation of a printer, the print parameters which 

control printing density and shades can drift. It is desirable therefore to perform 

calibrations to restore print parameters to a desired state. 
10 Calibration can be performed by printing a test pattern on print media. A 

I densitometer or other device is used to sense the amount of toner present on the 

media. The data from the densitometer can then be used to set printing 

parameters. 

The on-media calibration described above can be used to very accurately 
15 set print parameters. However, there are costs associated with the accuracy. 
Particularly, each calibration cycle consumes media. The calibration cycle is 
disruptive to customer print jobs, and can reasonably only be done between print 
jobs. Because of these costs (time, money, materials, user involvement), it is 
impractical to perform on-media calibration automatically or often. This limits 
20 the practicality of on-media calibration to systems that are inherently stable, 
and where significant process drift occurs only over long periods of time or 
printing. 

One alternative to on-media calibration is off-media calibration. In off- 
media calibration, calibration is performed by printing a test pattern, not on 

25 media usually used for printing, but on a transport belt or some other permanent 
entity within the printer. In this case, a densitometer or some other device is 
used to sense the amount of toner present. The data from the densitometer can 
then be used to set printing parameters. 

Off-media calibration has the advantage of not consuming media. Off- 

30 media calibration can also be performed automatically, with little impact on 
users. However, off-media calibration is prone to inaccuracy since the 
measurement is made in a substitute fashion (e.g. printing on the transport belt) 
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or at some intermediate stage in the printing process. It is necessary, therefore, 
in order to adjust print parameters during off-media calibration, to rely on 
correlations made at the factory to determine how density values detected during 
off-media calibration relates to printing density present when printing is 
5 actually performed on-media. A user of the printer may be able to adjust 

correlation values set at the factory; however ,,this typically requires that a test 
page is printed and viewed by the user. The user then makes some judgements 
enters adjustment information back into the printer. Several iterations may be 
fJ _ required before a user is content with the adjustments made to the correlation 
it) values. The adjustment factors provided in any such calibration method must 

also be predetermined in the factory, and may not be sufficient to compensate for 
pi actual variations. 

pi 

SUMMARY OF THE INVENTION 
il5 In accordance with the preferred embodiments of the present invention, a 

! : printing device is calibrated. An on-media calibration is performed. During on- 
p media calibration, colorant is placed on print media. A measurement is 

performed to obtain on-media calibration measured values. The on-media 
calibration measured values are used to calibrate the printing device. An off- 
20 media calibration is performed to obtain off-media calibration measured values. 
Off-media calibration means calibration is performed without placing colorant on 
print media. A correlation is made between the on-media calibration measured 
values and the off-media calibration measured values. Subsequent off-media 
calibrations are performed in which the off-media calibration measured values 
25 are used along with the correlation between the on-media calibration measured 
values and the off-media calibration measured values to calibrate the printing 
device. 

For example, depending on the type of printer, the colorant is toner or 
some other form of ink. Colorant is placed on the print media, for example, in 
30 half-toned patches. 

The measurements for on-media calibration are performed, for example, 
using a densitometer, a colorimeter, a spectrophotometer, or some other device 
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capable of detecting variations in shade or density of colorant. Print parameters 
of the printing device are varied until the on-media calibration measured values 
are substantially equal to target measure values. 

Off-media calibration is performed, for example, by placing colorant on a 
5 transportation belt of the printing device. A measurement of the colorant on the 
transportation belt is performed to obtain the off-media calibration measured 
values. The measurements for off-media calibration can be performed by the 
same sensor used for the on-media calibration. Alternatively, the measurements 
for off-media calibration can be performed using a different sensor or even using 

10 a different methodology. 

For example, off-media calibration can be performed using drop mass 
measurements for inkjet print systems (directly measured or inferred from other 
characteristics). Off-media calibration can also be performed using toner charge 
characteristics for electro-photographic (EP) print systems. Off-media 

15 calibration can also be performed using characteristics of transfer mechanisms 
for EP print systems, such as charge properties of developers or transport 
mechanisms. Off-media calibration can also be performed using doner sheet 
transmission rates for thermal transfer print systems. Off-media calibration 
can also be performed using environmental measurements (such as humidity 

20 and temperature) in regions of importance to the printing process. 

By carefully combining on-media calibration and off-media calibration, the 
present invention retains the best of both calibration methodologies. The on- 
media calibration establishes an accurate correlation, and the off-media 
calibration compensates for subsequent drift. Since the customer impact of off- 

25 media measurements is very small (potentially non-existent), the off-media 

measurements can be done frequently, allowing for near -continuous detection 
and correction of errors. This provides higher accuracy, no need for user 
judgement or manual adjustment, and minimal media wastage. 

The foregoing discussion summarizes merely exemplary methods and 

30 embodiments of the present invention which are discussed in more detail below. 
As will be understood by those familiar with the art, the invention may be 
embodied in other specific forms without departing from the spirit or essential 
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characteristics thereof. Accordingly, the disclosure of the present invention is 
intended to be illustrative, but not limiting, of the scope of the invention, which 
is set forth in the following claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 and Figure 2 are simplified block diagrams that illustrate an on- 

media calibration cycle performed in accordance with a preferred embodiment of 

the present invention. 

Figure 3 is a simplified diagram that shows a test pattern used in marking 

engine calibration in accordance with a preferred embodiment of the present 

invention. 

Figure 4 and Figure 5 are simplified block diagrams that illustrate an off- 
media calibration cycle performed in accordance with a preferred embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Figure 1 and Figure 2 are simplified block diagrams that illustrate 
performance of an on-media calibration cycle. In the preferred embodiment of 
the present invention, an on-media calibration is performed to set the print 
parameters to the desired state. An off-media calibration is performed 
immediately before or after the on-media calibration to establish a correlation 
between on-media and off-media calibrations. Subsequently, off-media 
calibrations are performed to measure and compensate for drifts in the process. 
Periodically, another on-media calibration is done to reset the target, and 
establish a new correlation to off-media calibration. 

As shown in Figure 1, a sensor 12 is located adjacent to a transportation 
belt 11 where sensor 12 can sense the amount of colorant (e.g., toner or ink) 
present on either the transportation belt 11 or actual media 14. Sensor 12 is, for 
example, a densitometer, a colorimeter, or a spectrophotometer, or any other 
device measuring the properties of test patches 
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Transportation belt 11 is moved by rotating portion 18 rotating in a 
direction represented by arrow 16, and by rotating portion 19 rotating in a 
direction represented by arrow 17. 

When performing on-media calibration, a marking system 13 prints a 
series of half-toned patches on a normal media sheet 15. The half-toned patches 
are represented by a patch 21, a patch 22, a patch 23 and a patch 24 shown in 
Figure 2, and by a patch 25 and a patch 26 shown in Figure 3. For example, the 
series of patches sample density values from light to dark. For example, there is 
a series of patches for each colorant utilized in the printer system. The patches 
used during calibration can, for example, include more than one halftone 
pattern. The patches can be contoned areas as well. Also, the patches can be a 
mixture of colorants. 

The half-toned patches placed on media sheet 15 pass near sensor 12. 
Sensor 12 measures the densities and thereby calculates the actual amount of 
colorant (e.g., toner or ink) present for each patch. The measured values for the 
patches on media sheet 12 are compared to previously defined target values, and 
the errors are used to calculate how to adjust the engine printing parameters to 
compensate for these errors. Alternatively, the measurement data can be used 
to alter the data that composes the image being printed, rather than to adjust 
the operating parameters of the printer. 

The cycle of print, measure, compare, adjust may be repeated multiple 
times to achieve desired accuracy. When desired accuracy is obtained, on-media 
calibration is completed. 

Immediately following on-media calibration, off-media calibration is 
performed where patches are printed on transportation belt 11 rather on media 
sheets 14. This is illustrated by Figure 5 and Figure 6. Patches, represented in 
Figure 6 by a patch 51, a patch 52, a patch 53 and a patch 54 printed on 
transportation belt 11, are printed with identical amounts of toner or toner as 
are the patches represented by patches 21 through 26 (shown in Figure 3) 
printed on-media sheet 15. Sensor 12 is used to measure the densities of the 
patches placed on transportation belt 11. After completion of off-media 
calibration, results of the two calibration methods (on-media calibration and off- 
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media calibration) are compared. A current correlation is calculated between on- 
media calibration and off-media calibration. 

Alternatively, off-media calibration can be performed by measuring other 
process step (or steps) involved with the printing process, which could reasonably 
be correlated to on-media printing behavior. For example, off-media calibration 
can be performed using drop mass measurements for inkjet print systems 
(directly measured or inferred from other characteristics). Off-media calibration 
can also be performed using toner charge characteristics for EP print systems. 
Off-media calibration can also be performed using characteristics of transfer 
mechanisms for EP print systems, such as charge properties of developers or 
transport mechanisms. Off-media calibration can also be performed using doner 
sheet transmission rates for thermal transfer print systems. Off-media 
calibration can also be performed using environmental measurements (such as 
humidity and temperature) in regions of importance to the printing process. Off- 
media calibration can also be a combination of these methods. 

After the testing cycles in which both on-media calibration and off-media 
calibration are performed, normal printing occurs. During idle times, or on a 
predetermined schedule during printing, the off-media calibration is repeated. 
Since the correlation between off-media calibration values and on-media 
calibration values has been established, the off-media calibration measurements 
can be used to adjust the printing parameters to compensate for any drift that 
may have occurred since the last on-media calibration cycle. The impact on the 
user is minimized by carefully selecting times and locations to perform the off- 
media calibration cycles. 

Periodically, the entire calibration cycle (on-media calibration and off- 
media calibration) is redone to re-establish the correlation of the off-media 
calibration values to on-media calibration values. 

For example, when new media is introduced to the printing system, the 
full calibration (on-media calibration and off-media calibration) is performed to 
take into account that different media can have different base properties (color, 
surface finish, etc), and/or very different response to the printer marking system. 
The full calibration would produce the desired on-media characteristics, and 



6 



Case 10002280-1 



establish the correlation to off-media calibration measurements. In essence, the 
full calibration cycle (on-media calibration followed by off-media calibration) 
establishes an accurate correlation between on-media measured calibration 
values and off-media measured calibration values. The subsequent off-media 
5 calibration compensates for drift. Since the customer impact of off-media 

measurements is very small (potentially non-existent), the off-media calibration 
can be done frequently, allowing for near-continuous detection and correction of 
errors. This provides high accuracy, no user judgement, and minimal media 
wastage. 

%6 Depending on the application, the on-media calibration may use one or 

several sheets of media. The on-media calibration can also be done in several 

H iterations, if necessary, to ensure accurate on-media printing. For continuous 

IP 

M= feed (roll) printers on-media calibration can consume as much media as is 
required to obtain satisfactory calibration. 

15 While in the preferred embodiment discussed above, off-media calibration 

is performed after on-media calibrations, in various other embodiments, off- 
media calibration can be performed before on-media calibration, after on-media 
calibration or during on-media calibration, for example, in between printing on- 
media calibration pages. Off-media calibrations can also be done in several 

20 iterations, if necessary, to ensure accurate measurement. 

For example, off-media calibration is performed intermittently during 
normal printing during some period of time before or after on-media calibration. 
Also, on-media calibration need not all be conducted as one test, but can be 
performed piecemeal at predetermined time intervals. 

25 The off-media calibration need not all be conducted as one continuous test, 

but also can occur piecemeal. Even in continuous print streams, it is possible to 
fit one or more patches in the region of the transport belt between two pages. By 
cycling through the entire set of patches, all needed patches can be printed on 
the transport belt, while printing actual documents. In this approach, off-media 

30 calibration can have no impact on throughput of normal print jobs. 

In the embodiment shown in Figure 1, a single sensor (sensor 12) is shown 
looking at a single location on transportation belt 11. In alternative 
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embodiments, two or more sensors can be used. For example, if two sensors are 
used, one sensor can look at the transportation belt and one can look at media at 
any point beyond where colorant (e.g., toner or ink) is deposited on the media. 
This can be, for example, at a point where all process steps, including fusing, 
have been completed. 

For example, correlation between on-media calibration measurements and 
off-media calibration measurements is performed as follows. 

In this example, nine patches in a vertical line, at equal spacing 
increasing in density from white to black are used for calibration. In the factory, 
target measure values (To, Ti, T 2 , T 3 , T 4 , T 5 , Te, T 7 , T 8 ) for on-media calibration 
are determined. 

When conducting on-media calibrations, the nine patches are printed on- 
media (e.g., a sheet of paper). The media is conveyed under a sensor, which 
produces a digital signal for each patch that corresponds to the amount of 
colorant sensed on the paper. The result are on-media calibration measured 
values (Mo, Mi, M 2 , Ms, M 4 , M 5 , Me, M7, Ms). During on-media calibration, the 
parameters of the print engine are varied so that the on-media calibration 
measured values (M 0 , Mi, M 2 , Ms, M 4 , M 5 , M 6? M 7? Ms) are equal or 
approximately equal to the target measure values (To, Ti, T2, T3, T4, T5, T6, T7, 
T 8 ). 

Once this is accomplished, the same patches are printed on the transport 
belt, and are measured by the same sensor, which produces another set of digital 
signals corresponding to the amount of colorant sensed on the paper. The result 
are off-media calibration measured values (Bo, Bi, B2, B 3 , B4, B5, B6, B7, Bs). The 
transportation belt is subsequently cleaned to remove the colorant (e.g., toner or 
ink). 
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For each patch, a correlation constant (Co, Ci, C2, C3, C4, C5, C6, C7, Cs) is 
calculated as set out in Table 1 below: 

Table 1 

Co = Mo/Bo, 

Ci = M1/B1, 

C 2 = M2/B2, 

C 3 = M3/B3, 

C 4 = M 4 /B 4) 

C 5 = M5/B5, 

C 6 = M 6 /B 6 , 

C 7 = M7/B7, 

C 8 = Ms/B 8 , 
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During subsequent off-media calibrations, when an on-media calibration is 
not performed, print parameters of the print engine are varied so that the 
relationships set out in Table 2 below are true. 

Table 2 
To = Co * Bo, 

Ti = Ci * Bi, 

T 2 = C 2 * B 2 , 

T 3 = C 3 * B 3 , 

T 4 = C 4 * B 4 , 

T 5 = C 5 * B B , 

T 6 = C 6 * B 6 , 

T 7 = C 7 * B 7 , 

T 8 = C 8 * B 8 , 

The correlation constants (Co, Ci, C 2 , C 3 , C 4 , C 5 , C 6 , C 7 , Cs) are used until 
a new on-media calibration is performed. At that point, a new set of correlation 
constants (Co, Ci, C 2 , C 3 , C 4 , Cs, C 6 , C7, Cs) is calculated. 

In the above, example, nine patches arranged in vertical line were used for 
testing. As would be understood by a person of ordinary skill in the art, there 
could be more or less patches, which may or may not be in a vertical line. The 
patches need not be imaged at the same time. For example, patches could be 
interlaced between customer printed pages, etc. The correction algorithm used 
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here could be varied, for example by using an offset, or replaced by any number 
of possible functions that correlate off- media measurement values with on-media 
measurement values. Also, if needed to counteract noise, latency can be 
introduced so that the current on-paper measurements are combined with some 
number of past measurements and/or with measurements from multiple sheets 
of media with the same or different types of patches. The patches will generally 
span the full range of print densities, but may be unequally spaced, and may be 
distributed in only certain parts of the total range of possible densities. 
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